Abstract. Plant bioactive polysaccharides and the products of organisms are the hot focus of present research. They play various biological roles, one of the most vital of which is enhancing the immunity. Relationship between immune substances and disease has been confirmed through lots of studies. The immune ability of polysaccharides attributes to their stimulation of macrophage phagocytosis, activation of T-cells and B-cells. This paper reviews bioactive polysaccharides from plant sources focusing on their immune ability. In addition, extraction methods, structure characterization and activity evaluation are reviewed.
Introduction
In recent years, the study of polysaccharides and its complex substance have already been major topics. The structure detection methods and bioactivities also have been developed by the specialists. A large number of facts revealed that saccharide is a sort of informational molecule in organism, which participate in the reactions of physiological and pathological procedures, such as immune regulations, intercellular recognitions, intercellular material transport, etc [1] . As a matter of fact, polysaccharide is a kind of bioactive macromolecule substance, composed by many monosaccharides, exactly ten or more than ten,linked with glycoside bonds [2] .
Nowadays, polysaccharides have been found widespread in animals, plants and fungus as the living matter [3] . More and more functions of polysaccharides have been discovered, thus this paper attempt to summarize the extraction methods and the features of polysaccharides.
Extraction Methods
Many different extraction methods have been used, in order to obtain polysaccharides from materials as much as possible, generally including the methods seen in Table 1 .
Ultrasonic-assisted extraction technique was used in many fields, especially in the bioactive compose extraction. It can greatly improve the extraction efficiency, save solvent, avoid the effects of temperature on the extraction composition [4] . Kui Zhong [5] and Yong-guang Bi [5] adopted this method to extract Longan and Koidz polysaccharides with the yield of 15.13% which showed a greater advantage compared with other methods. Another superior extraction method is ultrasound-assisted enzymatic extraction, which is considered as a mild, efficient and environmental friendly extraction method. It has been used in the extraction of various kinds of compounds recently. The enzymes added to the solution like celluloses and proteases can promote the release of the bioactive contents through breaking the cell wall. In this way, Huaguo Chen [6] and Yong Liu [7] extracted Lycium barbarum polysaccharides and Astragalus polysaccharides, respectively, getting the yield of 6.31 ± 0.03% and 29.96 ± 0.14 %. In addition, many other conventional extraction procedures such as water [8] [9] , acid and alkali were found to be used in treating various materials. However, it showed that the weaker functions on the yield compared with enzyme and ultrasound-assisted extraction.
Immunity Evaluations
Plant polysaccharides have comprehensive bioactivities, anti-tumor, anti-cancer, hypoglycemic, liver protection and so on, especially in enhancing immunity of organisms [10] . Vivo experiments 4th International Conference on Machinery, Materials and Computing Technology (ICMMCT 2016) indicated that Lycium barbarum polysaccharides inhibit the growth of transplantable sarcoma S180 and increase macrophage phagocytosis, the form of antibody secreted by spleen cells, spleen lymphocyte proliferation, CTL activity, IL-2 mRNA expression level and reduce the lipid peroxidation in S180-bearing mice [11] . Ganoderma lucidum polysaccharides showed significant impacts on reducing the levels of serum IL-6 and TNF-αlevels and increasing the levels of serum IL-2, IL-4 and IL-10 in GLP-treated mice compared to gastric cancer model mice [9] [10] [11] [12] [13] , in addition, activating [12] and stimulating [13] macrophage proliferation. Koidz polysaccharides enhance both serum IgG response and gut mucosal immunity [14] and Fructus Jujubae significantly stimulated NO production in RAW264.7 macrophages, and promoted LPS-induced splenocyte proliferation [15] . Polysaccharides from King oyster mushroom [16] and Longan [17] not only inhibiting the tumor growth, but also increasing relative thymus and spleen indices. Vitro experiments showed that Astragalus polysaccharides regulate T-cell-mediated immunity via CD11chighCD45RBlow DCs [18] . In brief, these founding suggest that plant polysaccharides directly or indirectly enhance immunity through vivo and vitro means. 
Structure characterizations
In recent years, more and more attentions are attached to the study of plant polysaccharide structure. It is not difficult to image that polysaccharides from various organisms have significant disparities, their molecular weight via from 2.1 × 10 4 Da to 5.47233 × 10 6 Da [12] . The structure features of plant polysaccharides are normally investigated by some or all of the techniques including FT-IR, GC-MS, NMR, SEM, Smith degradation [13] . Previous analysis indicated that Lycium barbarum polysaccharide was composed with rhamnose, arabinose, xylose, galactose, mannose, galacturonic acid of 1.00 : 7.85 : 0.37 : 0.65 : 3.01 : 8.16 with average molecular weight of 2.25 × 10 6 Da [14] . Astragalus polysaccharide was composed with glucose, and a small amount of arabinose and xylose, with their molar ratios of 0.54 : 1 : 18.14 and 0.23 : 1 : 29.39 [18] . Other plant polysaccharide structures have listed in Table2. 
Conclusion
With the developing researches of polysaccharides deeply and comprehensively, more and more new types of polysaccharides are found, from the structure analysis to the bioactivities. Today, functional polysaccharides have been reported to have a range effects, including anticancer, antitumor anticoagulation, antivirus, enhancing human immunity. Polysaccharides are found to be responsible for these bioactivities. However, the future challenge is to get the better understanding of the structure-bioactivity relationship and more insight in the structural features. It is also a good opportunity for the scientists to elucidate the biological roles of polysaccharides and design high potential antitumor drugs based on the high order structures. The application and the future of polysaccharides in the functional food will be extensive and glorious.
